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© QUARTZ GLASS PLATE LARGE IN SIZE AND HIGH IN PURITY, AND METHOD AND DEVICE FOR 
MAKING SAID PLATE. 



t— © A quartz glass plate large in size, high in purity, 
^ smooth at surface, and excellent in planeness and a 

method and a device for making said plate by cut- 
00 ting and unfolding a quartz glass tube, which is 
^ characterized in that, as shown in Figs. 1 and 2, a 

quartz glass tube (1) slotted along the axial direction 
O thereof and preferably having a band-like slot part 
(0 (1a) is turned into a plate through a process in which 

O 

tL 
LJJ 



the glass tube (1) is stretched, beginning at a speci- 
fied band-like part, in the direction roughly tangential 
to the circumference thereof while subjected to heat- 
ing and softening at one band-like part after another 
each extending across the entire width of the tube in 
the axial direction and arranged in the circumferen- 
tial direction of the tube starting at said specified 
part. 
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Field of the invention 

The present invention relates to large quartz 
glass plate and the manufacturing method and 
equipment to produce it. In particular, the present 
invention relates to large quartz glass plate of high 
transparency and purity, in the form of flat plate 
and the manufacturing method and equipment to 
produce it. 

Background of the invention 

Large, flat quartz glass plate of high purity and 
transparency has typically been used as material 
for manufacturing square tanks for washing high- 
purity elements, such as wafers, large diameter 
quartz glass observation ports and lamp covers, 
where the adhesion of impurities must be avoided. 

Compared to other glass materials, the quartz 
glass used for these applications retains high vis- 
cosity even at high temperatures, which makes it 
difficult to form and cast it when it is melted and, 
therefore, difficult to form it into piate. 

Generally, there are two existing methods by 
which such quartz glass plate is produced. One is 
by cutting a block of quartz glass into thin sheets. 
The other is a process in which a quartz glass tube 
is opened to form a quartz glass plate. 

The prior art applied in the former method 
employs a technology in which plate is formed 
from pulverized powder by refining natural crystal 
or quartzite and then heating the powder elec- 
trically or with a gas burner to melt and fuse it into 
a block of quartz glass, which is then cut into plate 
using a diamond cutter or the like. 

However, as this method involves cutting 
blocks of quartz glass with a diamond cutter or the 
like, the surface of the plate thus obtained is rough, 
necessitating a surface smoothing treatment, such 
as a special separate polishing operation to make 
the surface transparent. 

Quartz glass is a material with superior trans- 
parency and light transmission, and particularly in 
applications such as observation ports, lamp covers 
and the like, the material is usually required to 
have excellent optical transparency. Therefore, it is 
necessary to perform transparency finishing with 
some type of surface treatment, for example, sur- 
face fusing with fire or specular glossing with a 
granular abrasive after the coarse polishing on the 
plate material, which leaves a rough surface and 
reduced transparency as described in the previous 
paragraph. This transparency finishing treatment is 
extremely labor intensive and time consuming. 
Moreover, during the polishing with the granular 
abrasive, the material can be easily contaminated 
by impurities and metal elements which will have 
detrimental effects on semiconductors. In the sur- 



face fusing treatment using fire, thermal distortion 
tends to cause cracking, so this method is highly 
disadvantageous from an industrial point of view. 
Also, because the aforementioned block forms 

5 are manufactured by melting and fusing a pulver- 
ized powder of natural crystal or quartzite in a 
special die, impurities or reactive gasses originat- 
ing in the die body, as well as residual gasses 
within the melted substance tend to be retained in 

10 the form of bubbles in the melted, high viscosity 
quartz glass. Since this tendency becomes more 
pronounced as the size of the block body in- 
creases, inevitably there are foreign substances 
and bubbles in large plate cut from such blocks. 

75 This makes it difficult to use such plate for pro- 
ducts that require a high degree of transparency 
such as quartz glass observation ports and lamp 
covers. 

Also, because of the poor mechanical strength 

20 and heat resistance of the die used for melting and 
fusing the quartz powder, the prior art has substan- 
tial restrictions on the size of the block body that 
can be obtained. Furthermore, if large plate ma- 
terial is to be obtained from such large blocks, the 

25 thickness of the diamond cutter needs to be in- 
creased, resulting in a great deal of expensive 
quartz glass lost to the cutting margin. Thus, not 
only is it extremely disadvantageous from a indus- 
trial point of view, the resulting plate material is 

30 uneconomical. In summary, this method for the 
production of large quartz glass plate has a number 
of serious drawbacks. Moreover, the size of square 
washing tank that can be manufactured from such 
quartz glass plate is restricted to the limited size of 

35 the plate itself and it is becoming more and more 
difficult to keep up with the demand for ever larger- 
diameter semi conductor wafers and the like, and 
the tanks required for washing them. Meanwhile, in 
the latter mentioned prior art (tube opening), as 

40 illustrated in Figure 5, for example, a quartz glass 
tube 100 is slit open in the direction of the axis or 
the quartz glass tube is cut into two and a quartz 
glass dowel is welded, centered onto its edge, to 
form an operating handle 101. While holding the 

45 handle 101, the opened quartz glass tube 100 is 
heated and softened all over. Next, the whole 
quartz glass tube is opened into a curved plate, 
then while heating and softening part of it, the 
softened section 100a is pressed and flattened on 

so a carbon plate 103 with a carbon press 104 or the 
like. After that, the operation is repeated while the 
welded position of the handle 101 is relocated to 
flatten other areas sequentially in stages to create 
the quartz glass plate. 

55 Another method of the prior art is that in which 

the quartz glass tube 100, already opened in the 
form of a curved plate as described above, is then 
sandwiched between carbon slabs while being 



3 



3 



EP 0 607 433 A1 



4 



heated and softened to make it into a flat plate. 

However, this entire operation must be carried 
out manually. Therefore, the plate thickness and 
size are necessarily restricted. Generally speaking, 
the maximum size that can be produced in this 
way is approximately 300 x 300mm. Moreover, this 
operation is very time consuming and requires a 
great deal of experience. 

Also, as the aforementioned flattening methods 
involve the use of a carbon press or carbon slabs 
pressing against the curved plate, scoring will oc- 
cur, caused by contact with the carbon press or 
slab. Irregularities on the surface of the carbon 
tends to become imprinted on the surface of the 
plate, making it rough. Furthermore, surface un- 
dulations resulting from uneven flattening pro- 
cesses also occurs. Thus, smoothing and flattening 
results in these methods are erratic. There is also 
the fad that, as the carbon press, carbon slabs or 
carbon plate comes in contact with the upper sur- 
face of the quartz glass under pressure, the quartz 
glass also comes in contact with impurities and 
they tend to remain in the glass. This makes it 
even more difficult to manufacture high-purity flat 
plate. These residual impurities not only poison the 
semiconductors, they also accelerate the crystalli- 
zation of the quartz glass itself so that it becomes 
opaque (devitrified). This is due to microcracking, 
which results from local crystallization and which 
creates even more problems in terms of applica- 
tions that require a high degree of transparency. 

The objective of the present invention is to 
address these problems of the prior art: to provide 
large quartz glass plate with no bubbles and to 
provide a manufacturing method and manufacturing 
equipment to produce them. 

Another objective of the present invention is to 
provide quartz glass plate with no surface waviness 
or surface roughness, with a high degree of flat- 
ness and to provide a manufacturing method and 
manufacturing equipment to produce them. 

Summary of the invention 

In the present invention, as illustrated in Fig- 
ures 1 and 2, a quartz glass tube 1 with a band-like 
opening 1a running over a specific width in the 
direction of the tube shaft, the opening being pref- 
erably long and narrow. Then, while heating and 
softening a band-like area of the glass tube 1 over 
the entire width in the direction of the tube shaft, 
starting from a specific position along the direction 
of the tube circumference and working sequentially, 
the quartz glass tube is stretched in a line approxi- 
mately tangential to the circumference of the glass 
tube from the aforementioned specific position to 
make the glass tube 1 into a flat plate. 



Alternatively, it is possible to fix the glass tube 
1 in one place and rotate the heating bodies in the 
direction of the circumference to heat and soften 
the glass over the length of the opening in the 

6 direction of the tube shaft while the means of 
pulling is rotated spirally in such a way that it 
follows the rotation of the heating bodies, resulting 
in pulling and unfurling the tube in a linear fashion, 
approximately tangential to the circumference. 

io However, it is preferable to fix the position of the 
heaters 3A and 3B in the vicinity of the leading 
edge 1 b of the opening in the quartz glass tube 1 , 
and rotate the tube opening along the external 
circumference of glass tube 1 in the direction of 

15 the circumference, and along with that rotation, the 
means of pulling 2 that has the leading edge 1b of 
the glass tube 1 fixed onto it, is made to pull 
linearly in an approximately tangential direction 
from the opening leading edge 1b to make the 

20 glass tube 1 into a flat plate. 

It should be noted that the initial heating posi- 
tion for the heating bodies 3A and 3B, is not 
necessarily set at the leading edge 1b of the open- 
ing. For example, if the means of pulling 2 grips 

25 the leading edge 1 b of the opening, it may not be 
possible to directly heat the leading edge 1b of the 
opening. In this case, heating may be started at a 
position slightly further in than the leading edge 1b 
of the opening, out of the way of the gripped area. 

30 Also, the peripheral speed of the quartz glass 
tube 1 and the pulling speed of the means of 
pulling 2 are not necessarily the same. By setting 
these speeds appropriately, it is possible to adjust 
the thickness of the formed flat plate thicker or 

35 thinner in relation to the thickness of the glass tube 
1. For example, by setting the pulling speed higher 
than the peripheral speed of the quartz glass tube 
1, large, flat glass plate thinner than the tube ma- 
terial can be produced. Conversely, by setting the 

40 pulling speed slower than the peripheral speed of 
the quartz glass tube 1, large, flat glass plate 
thicker than the tube material can be produced. 

This structure can be embodied by making the 
means of pulling 2 directly grip the leading edge 

45 1b of the opening in the quartz glass tube 1. It 
would be difficult to form a high-purity quartz glass 
plate if the grip was made of a metal, since impuri- 
ties would enter from the grip due to the heat 
during the heating and softening process. There- 

50 fore, it is desirable to grip with a high-purity, highly 
heat resistant carbon or ceramic material such as 
alumina, SiC, zirconia, silicon nitride or the like. 
However, it is still quite difficult to completely elimi- 
nate contamination of impurities spreading from the 

55 grip area. 

Therefore, it is ideal to pull without grips di- 
rectly gripping the leading edge 1b of the opening 
but rather by gripping a connecting piece of quartz 
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glass material 4. 

Also, the heating of the aforementioned glass 
tube 1 may be performed from one side. However, 
if there is a difference in temperature between the 
front and rear sides, consistent and even pulling 
becomes difficult. 

Therefore, preferably, heating should be done 
from both the front and rear of the quartz glass 
tube 1 over the entire width in the direction of the 
tube shaft. The aforementioned heating bodies 3A 
and 3B may take the form of bar heating bodies 
made of SiC, carbon or the like. Or, another possi- 
ble structure is a body of integrated burners in 
which a great number of burner nozzles are ar- 
ranged in a row. When using heating bodies 3A 
and 3B thus prepared, it is advisable to move them 
in a reciprocating motion in the heating area rela- 
tive to the quartz glass tube 1 in the direction of 
the tube shaft in order to eliminate inconsistency of 
heat supply in the direction of the shaft of the 
quartz glass tubel. It will be even more preferable 
to soften the glass tube 1 over the entire width in a 
band-like area while moving the heating bodies 3A 
and 3B in a reciprocating motion. 

Since the heat source may be placed inside 
the quartz glass tube 1 which is the base material 
in the present invention, it is not feasible to use a 
tube with an extremely small diameter. In practice, 
it is desirable to use a transparent quartz glass 
tube with a diameter ranging from 100 to 500mm 
and a thickness of 2 to 20mm. 

Also, as mentioned earlier, for use in observa- 
tion ports or square tanks, the quartz glass plate 
should have a high degree of transparency and 
purity. To be more specific, the total content of the 
following elements: Na, Li, Fe, Al, Cu, Ca, Ni, B, 
Mg, Y, Ti and Cr, should be 100 ppm (weight) or 
less. Even more preferably, the content of ele- 
ments such as Na, K and Cu and especially Ca, 
which contaminates particularly easily, should be 
0.5 ppm or less. 

The present invention relates to a method in 
which flat plate material is formed from a quartz 
glass tube 1, and also relates to the reverse pro- 
cess, in which a large quartz glass plate is pro- 
vided and then heated and softened linearly from 
one end to the other sequentially over the entire 
width, and is simultaneously pulled in such a way 
that it becomes curved from one end to a specific 
shape in order to form a curved glass plate. 

The second aspect of the present invention 
provides optimum equipment for implementing the 
manufacturing method comprising a quartz glass 
tube 1 which has an opening 1a over a specific 
width in the direction of the tube shaft, preferably 
in the form of a band, means 5 to rotate the 
aforementioned glass tube 1 with its tube shaft as 
the center of the rotation and means 2 for pulling 



the glass tube 1 in a line approximately tangential 
to the leading edge 1b of the opening in the glass 
tube 1 while the glass tube 1 is heated and soften- 
ed in a band-like area over the entire width of the 

6 tube, in the direction of the tube shaft. 

It is difficult to rotate the quartz glass tube 1 
around the tube shaft center with a high degree of 
precision because the inside of the glass tube 1 is 
hollow. Therefore, in the present invention, means 

w 6 for supporting the quartz glass tube 1 by the 
circumferential surface is provided and the present 
invention is embodied by a structure A in which the 
shaft center of the means 5 of rotation and the 
center of the shaft of the quartz glass tube 1 are 

is made to align and coincide. In this structure B, the 
means 6 of support and means 5 of rotation are 
structured so that they can move freely in the 
plane of cross section of the glass tube. 

In order for the glass tube 1 to be pulled in the 

20 direction of a line tangential to the leading edge 1b 
of the opening, it is required that the trailing edge 
1c of the opening that faces the leading edge 1b of 
the opening, be positioned at a location that does 
not intersect the line tangential to the leading edge 

25 1b. Therefore, it is desirable to structure the ap- 
paratus in such a way that it is possible to set the 
initial support position of the means of support for 
the quartz glass tube 1 at a location that makes the 
leading edge 1 b of the opening further out, horizon- 

30 tally, from a vertical line through the center of the 
tube shaft, than the trailing edge 1c of the opening. 
At the same time, it may sometimes be difficult to 
form a high-purity quartz glass plate if the means 5 
of rotation is structured so that it directly grips the 

35 leading edge 1b of the opening in the quartz glass 
tube 1 by using a clamping member or the like, 
because impurities are likely to be transferred from 
the clamping member at the time of heating and 
softening. 

40 Therefore, preferably, the structure of the 

means 5 of rotation should be a rotating plate or 
arm member that can rotate around the rotating 
shaft as the center of rotation without the clamping 
member directly gripping the leading edge 1b of 

45 the opening. It is preferable to structure it in this 
way; some quartz glass material 8 or the like is 
fused to the trailing edge 1c of the opening of the 
glass tube 1, that is clamped by the arm member, 
thus making it possible to rotate the quartz glass 

50 tube 1 in conformance with the rotation of the arm 
part. 

In equipment which does not flatten the trailing 
edge 1c of the opening, the gripping member that 
grips the trailing edge 1c of the said opening via a 
55 carbon or ceramic material with high heat resis- 
tance, including alumina SIC, zirconia, silicon 
nitride and the like, first clamps and secures the 
trailing edge 1c of the opening of the glass tube 1 
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and then the quartz glass tube 1 rotates in confor- 
mance with the rotation of the arm member. This 
structure is possible in equipment wherein the flat- 
tening means does not cover the trailing edge 1c. If 
the gripped section is cut off after the flat plate is 
formed, then a high-purity quartz glass plate can 
be obtained. 

In this case too, it is possible to adjust the 
thickness of the flat plate appropriately by control- 
ling the relative peripheral speed of rotation of the 
quartz glass plate and the pulling speed of the 
means 2 of pulling. 

Therefore, it follows that it is desirable to pro- 
vide a means of changing speed to enable relative 
speed changes for the peripheral speed of the 
quartz glass tube 1 that rotates by means 5 of 
rotation and the speed of the means 2 of pulling. 

As stated earlier, in order to achieve a high 
degree of purity, it is desirable to link the means 2 
of pulling and the leading edge 1b of the opening 
of the quartz glass tube 1 with quartz glass. Fur- 
thermore, in order to make it possible to heat the 
glass tube 1 from both inside and outside, it is 
advisable that the means of heating be structured 
with the heating bodies 3A and 3B, being a pair of 
bar heaters that are placed facing each other 
across the glass tube 1, or heating bodies 3A and 
3B can take the form of burners or the like, in 
which case, the pair of heating bodies 3A and 3B 
are moved back and forth in the direction of the 
tube shaft to evenly soften a band-shaped area 
over the entire width of the glass tube 1. 

In addition, it is required that the quartz glass 
tube 1 that can be processed with the aforemen- 
tioned equipment have a diameter of at least 
100mm because it is manufactured by pulling the 
glass tube 1 from the leading edge 1b of the 
opening in the direction of a tangential line. Also, if 
it is too thin, it will be deformed at the time of 
heating and softening and if it is too thick, heating 
cannot be done evenly. Therefore, the ideal thick- 
ness is 2 ~ 20mm. 

A flat plate which is manufactured thus from 
such a quartz glass tube 1 will be a flat, high- 
purity, high transparency quartz glass plate with its 
long side at least 300mm with a thickness of 2 ~ 
20mm. 

Also, as the aforementioned quartz glass tube 
1 is formed from a relatively small quartz glass 
ingot, it has almost no bubbles or impurities 
present, as is likely in a large block. Therefore, a 
quartz glass plate formed from this ingot will have 
a high degree of purity and transparency, ideal for 
observation ports and square tanks. 

Also, since factors that could introduce impuri- 
ties during manufacturing are minimized, it is pos- 
sible to form a transparent quartz glass plate in 
which the total content of the following elements; 



Na, Li, Fe, Al ( Cu, Ca, Ni, B, Mg, Y. Ti, and Cr is 
100 ppm (weight) or less. Furthermore, the content 
of elements such as Na, K and Cu and especially 
Ca, which contaminates particularly easily, can be 

6 held down to 0.5 ppm or less. The resulting trans- 
parent quartz glass plate will be ideal for observa- 
tion ports, single-crystal, pull-up devices and 
square wash tanks for wafers. 

Furthermore, by using a synthetic quartz glass 

io for the aforementioned quartz glass tube 1, it is 
possible to keep the total content of the following 
elements: Na, Li, Fe, Al, Cu, Ca t Ni, B, Mg, Y, Ti 
and Cr at a maximum of 200 ppb. 

The manufacturing of a quartz glass plate with 

15 such high degree of purity and transparency can 
only be achieved by keeping the quartz glass tube 
1 out of contact with any jig other than one made 
of quartz glass during the manufacturing process. 

20 Brief description of the drawings 

Figure 1 is a basic structural diagram of the 
manufacturing system of the present invention. Fig- 
ure 2 is a series of operation diagrams showing the 
25 manufacturing process. Figure 3 is a front view of 
the overall structure of the equipment. Figure 4 is a 
perspective view of the structure of key parts. 
Figure 5 shows the prior art process in which a 
quartz glass tube is flattened into a plate. 

30 

Preferred embodiments of the present invention 

The present invention is described by referring 
to the drawings which are embodiments of the 

as invention. However, the present invention should 
not be interpreted as being confined to these ex- 
amples only. It is self evident that many variations 
in dimension, materials, forms and relative arrange- 
ment can be achieved within the scope of the 

40 present invention whereby the objectives of the 
present invention and other objectives and the ac- 
companying benefits will be attained. 

Figure 3 shows a overall structural view of the 
flat plate manufacturing system in an embodiment 

45 of the present invention, which includes a support 
mechanism 50 that supports a quartz glass tube 1 
which has a band-like opening running in the direc- 
tion of the tube shaft which is supported with two 
pairs of support rollers 57, 58, one each at the top 

so and bottom, a support delivery device 70 consist- 
ing of a delivery mechanism 60 that transports the 
support mechanism 50 to a specific position in 
front of the flat plate forming device 10, means 5 of 
rotation that rotates the quartz glass tube 1 around 

55 the tube shaft center, means 3 of heating to heat 
and soften the glass tube 1 in a band-shaped area 
over-the entire width in the direction of the tube 
shaft. The flat plate forming device 10 consisting of 
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a means 2 ol pulling that pulls the heated and 
softened glass tube 1 in a line approximately tan- 
gential to the leading edge 1b of the opening. 

Next, each device is explained in detail. 

The delivery mechanism 60 consists of a 
screw shaft 61 that is provided on the base body 
60 and runs horizontally, extending towards the flat 
plate forming device 10, a horizontal table 64 that 
advances toward, and withdraws from the flat plate 
forming device 10 by means of forward and re- 
verse rotation of the drive motor 63 via the nut 
section 62 that is threaded on to the said screw 
shaft 61 and the vertical tower 65 that is erected 
vertically on the horizontal table 64. 
On the front of the vertical tower 65, a vertical 
guide rail 66 is provided and inside the tower 65, a 
vertical screw shaft 67 is provided that extends 
vertically, parallel with the guide rail 66. A drive 
motor 68 that rotates the said vertical screw shaft 
67 in both forward and reverse directions is also 
provided in the tower. The vertical stay section 51 
is securely mounted in a bracket frame 52, which 
is fitted to the guide rail 66 so that the bracket 
frame can be freely elevated and lowered, being 
linked to the vertical screw shaft 67 via the nut 
section 52a. 

As a result the support mechanism 50 is ele- 
vated and lowered via the bracket frame 52 along 
the guide rail 66 by rotating the vertical screw shaft 
67 in the forward and reverse directions, driven by 
the drive motor 68. 

The support mechanism 50 consisting of the 
drive motor 53 and the vertical stay 51, in which a 
rotating screw shaft 54 rotates in the forward and 
reverse directions, driven by the drive motor 53, is 
vertically mounted, extending almost the entire 
length of the stay. A pair of support stays 56 A and 
56B are elevated and lowered, traveling toward and 
away from each other through the reverse and 
forward rotation of the rotating screw shaft 54 on to 
which the nut section 55 is threaded. 

The support stays 56A and 56B extend hori- 
zontally from the vertical stay 51 where the afore- 
mentioned nut section 55 is mounted, to support 
the pairs of support rollers 57 and 58 at their shafts 
which are located one pair each on the upper and 
lower surfaces that face each other. Between the 
support rollers 57 and 58, it is possible to clamp 
and secure the quartz glass tube 1 . 

After mounting the quartz glass tube 1 on the 
pair of support rollers 57 on support stay 56A , the 
quartz glass tube 1 can be clamped as the two 
support stays 56A and 56B approach each other 
by rotating the screw shaft 54 in the forward direc- 
tion through the drive motor 53. 

Next, the structure of the flat plate forming 
device 10 is explained using Figure 4. 



First, the means 5 of rotation includes support 
bases 21 and 22, located on either side in the 
direction of the shaft and a space between them for 
placing the quartz glass tube 1. On one of the 

5 bases 22, a drive motor 23 is provided with an 
attached rotating plate 24. On the base 21 , which is 
on the opposite side, across the space provided for 
the glass tube 1 , a driven rotating mechanism 6B is 
provided, aligned with the extended line of the 

w shaft of the drive motor 23. 

The circular rotating plate 24 is mounted facing 
opposite the quartz glass tube 1 on the rotating 
shaft 23a of the drive motor 23. On the rotating 
plate 24, a clamping member 11A is provided to 

15 clamp the band-like glass plate 8, one edge of 
which is fused to the trailing edge 1c of the open- 
ing in the quartz glass tube 1 . 

The distance between the center of the rotating 
plate 24 and the clamping position of the clamping 

20 member 1 1 A (radius) must match the diameter of 
the quartz glass tube 1 . 

Meanwhile, on the other base 21, the driven 
rotating mechanism 6B includes a pair of shaft 
bearings 26A and 26B that are mounted on a 

25 sliding table 26 which can move along the two 
parallel rails 25 which extend across the base 21 in 
the direction of the shaft. The large diameter shaft 
28, the axis of which is aligned with the axis of 
rotating shaft 23a of the drive motor 23, can rotate 

30 within shaft bearings 26A and 26B. A rotating arm 
29 that extends from the tip of the shaft 28 per- 
pendicular to the axis, includes the clamping mem- 
ber 11 B attached at the tip of the arm 29, for the 
band-like glass plate 8, one edge of which is fused 

35 to the trailing edge 1c of the opening in the quartz 
glass tube 1. Also, as with the aforementioned 
rotating plate 24, the distance between the center 
of the aforementioned large diameter shaft 28 and 
the clamping position of the clamping member 1 1 B 

40 (radius) must be the same as the radius of the 
quartz glass tube 1. 

At the same time, on support base 22 a hy- 
draulic cylinder 31 is mounted parallel with the axis 
that connects the drive motor 23 and the large 

45 diameter shaft 28. On the other base 21 , a guide 
rail 32 is provided along the same axis. These two 
rails are bridged by a support body 33, which is 
provided with a pair of heating bodies 3A and 3B 
mounted on to it. One end of the support body 33 

so is secured on to the shaft section of the hydraulic 
cylinder 31 and the other end is secured on to the 
perpendicular bracket 34 which is fitted onto the 
guide rail 32 in such a way that back and forth 
movement of the structure is possible along the 

55 axis by advancing and retracting the hydraulic cyl- 
inder 31. A sub support body 33B that is bent to 
form an L shape is provided at the half way posi- 
tion through the range of movement along the axis 
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so that it is opposite support body 33, facing it 
across the leading edge 1b of the opening in the 
quartz glass tube 1. Heating members 3A and 3B, 
which are more or less flat bars in shape, and are 
each integrated body consisting of a great number 
of burner nozzles, are provided on the two support 
bodies 33 and 33B. The length of the stroke of the 
hydraulic cylinder 31 and the guide rail 32 must be 
set at a length which makes it possible to keep the 
sub support body 33 B from coming into contact 
with the quartz glass tube 1. Also, the heating 
bodies 3A and 3B are structured by providing a 
great number of burner nozzles in rows so that the 
jets are aimed toward the quartz glass tube 1. They 
are structured in such a way that jets of flame from 
propane or oxyhydrogen fuel can be provided 
along their length, which should be slightly greater 
than the length of the shaft of the quartz glass 
tube. 

As shown in Figure 3, the means of pulling 2 
includes a vertical guide rail 41 mounted on the 
front side of the vertical table 40 that is erected 
vertically on the base 80. a vertical screw shaft 42 
that extends vertically and parallel with the guide 
rail 41 inside the vertical table 40, and a drive 
motor 43 that rotates the vertical screw shaft 42 in 
the forward and reverse directions. In the vertical 
table 40, the pulling table 45 connected with the 
vertical screw shaft 42 via the nut section 46 is 
fitted on the guide rail 41 so that it can be elevated 
and lowered freely. On the front of the pulling table, 
clamping members 44 are provided to clamp the 
band-like glass plate 4. 

The pulling table 45, as shown in Figure 4, has 
arm sections on both sides extending toward the 
quartz glass tube 1 with the clamping members 44 
for the band-like glass plate 4, one end of which 
are bonded to the leading edge of the opening 1b 
in the quartz glass tube 1 and the other end of 
which extends vertically down to the clamping 
members 44 attached to the end of the arm sec- 
tions. In addition, the drive motor 23 must have an 
internal speed changer so that its rotating speed 
can be freely adjusted. 

Next, the actual method of manufacturing a flat 
plate based on this embodiment is explained. A 
high-purity, high transparency quartz glass tube 1 
with an external diameter of 240mm and a thick- 
ness of 4mm is cut to a length of 500mm . Then a 
band-like opening is created in the tube to a width 
of approximately 10 - 15* (approximately 
30mm) to create an opened quartz glass tube 1. 
The impurity contents of the glass tube 1 is 
200ppb or less in total content of Na, Li, Fe, Al, Cu, 
Ca, Ni, B, Mg, Y, Ti and Cr. 

Next, place the quartz glass tube 1 on the pairs 
of support rollers 57 and 58 on the support stays 
56A, 56B at the lower part of the delivery mecha- 



nism 60 so that the leading edge 1b of the opening 
is set on the horizontal line and the trailing edge 1c 
of the opening is vertically displaced from the 
leading edge 1b toward the inside by a distance h 

6 as shown in Figure 2 (A). 

It should be noted that the aforementioned 
distance h can be any distance as long as there is 
no hindrance to the band-like glass plate 4, a more 
detailed explanation of which will be given later, 

/o which is fused to the leading edge 1b of the 
opening for pulling the glass tube 1. Likewise, the 
opening angle 4 can be set arbitrarily within the 
range of 10 - 15* according to the distance re- 
quired. 

is After the quartz glass tube 1 is set in the 

specific position, it is positioned with the lower and 
upper support stays 56A and 56B which approach 
each other by rotating the drive motor 53 within the 
vertical stay 51 and then the quartz glass tube 1 is 

20 held within the upper and lower pairs of support 
rollers 57 and 58. 

Then the support mechanism 50 that is now 
holding the quartz glass tube 1 first elevates the 
quartz glass tube 1 via the drive motor in the 

25 vertical tower 65, to a height that matches the axis 
of the means 5 of rotation on the flat plate forming 
device 10. Then it moves the glass tube 1 horizon- 
tally to a position that is aligned with the axis of the 
means 5 of rotation on the flat plate forming device 

30 10 by sliding the horizontal table 64. 

The piston shaft 31a of the hydraulic cylinder 
31 must be extended so that the glass tube 1 will 
not contact the sub-support body 33B of the heat- 
ing mechanism 3A.3B at this time. 

35 Then, as shown in Figure 2(B), band-like quartz 

glass plates 8 made of high-purity synthetic quartz 
glass are fused horizontally in the direction of the 
shaft on to each end of the tube aligned with the 
trailing edge 1c of the opening. Then, each of them 

40 is clamped by clamping member 11a of the rotat- 
ing plate 24, or the clamping member at the end of 
the rotating arm 29. 

Next, in a similar manner, band-like quartz 
glass plates 4 are fused on to the end surface of 

45 the leading edge 1b of the opening at both the 
right and left sides in such a way that they will 
extend vertically downwards along a line tangential 
to the quartz glass tube 1 and their lower ends are 
clamped by the clamping members 44 of the pull- 
so ing table 45. 

When thus secured, the drive motor 53 inside 
the vertical stay 51 is rotated in the reverse direc- 
tion to increase the distance between the lower and 
upper support stays 56A and 56B which have been 

55 positioning and supporting the quartz glass tube 1. 
Then, the delivery mechanism 60 Is retracted from 
the supporting position and returned to its original 
position. 
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Then the hydraulic cylinder 31 is retracted so 
that the sub-support body 33 of the heating mecha- 
nism 30 can enter the quartz glass tube 1. Overall, 
it should be structured so that heating bodies 3A 
and 3B can face each other across the leading 
edge 1b of the opening at this time. 

Now we are ready to start the actual flattening 
operation. First, as shown in Figure 2(C), fuel gas is 
ejected from the heating bodies 3A and 3B from 
the inside and the outside of the tube in a horizon- 
tal direction so that the gas will be supplied over 
the entire width of the tube shaft. At this time, if the 
heating bodies 3A and 3B have rows of nozzle 
burners, the line of heating tends to be uneven 
because of the intervals between the burners. If 
that is the case, consistent even heating can be 
achieved by moving the heating bodies back and 
forth by using the hydraulic cylinder 31 with 
strokes that are slightly longer than the distance 
between the burners. 

When the leading edge 1 b of the opening has 
been heated and softened over the entire line of 
heating, the rotation of the quartz glass tube 1 by 
the drive motor 23 and the lowering of the leading 
edge 1b of the opening by means 2 of pulling are 
begun together. 

At this time, if the pulling speed is made to 
perfectly match the rotation speed throughout the 
entire period, then the thickness of the resulting flat 
plate will be exactly the same as that of the quartz 
glass tube. If the pulling speed is set slightly high- 
er, a flat plate that is slightly thinner will result. 
Conversely, by making the pulling speed slower, a 
flat plate that is slightly thicker than the quartz 
glass tube 1 will result. 

In the manner described above, plate forming 
is performed to the position indicated in Figure 2- 
(D). Immediately before the trailing edge 1c of the 
opening of the quartz glass tube 1 reaches the 
position of the heating bodies 3A and 3B, the three 
operations; heating by the heating bodies 3A and 
3B, rotation by means 5 of rotation and pulling by 
means 2 of pulling, are all stopped simultaneously. 

After the band-like quartz glass plates which 
have been fused as described earlier, are severed 
and the quartz glass plate which has been flattened 
as described above is removed from the forming 
device 10, the section at the trailing edge 1c of the 
opening which has not been flattened is cut off to 
form a completed flat plate . Then, when specified 
finishing treatments, such as washing, annealing or 
the like have been performed, the plate is ready to 
be shipped as a product. 

We have examined the purity of plate thus 
manufactured and in every case we have found 
that it is desirable to combine a transaction guide 
mechanism in the lower section. 



The quartz glass plate thus stretched into a flat 
plate in this manner is then cooled and formed into 
a large, high transparency quartz glass plate. The 
plate prepared in this manner does not have any 

6 waviness on the surface and the impurity content is 
200ppb or less in Na, Li, Fe, Al, Cu, Ca ( Ni, B, Mg, 
Y, Ti and Cr, showing hardly any change from the 
impurity content before processing. 

Then, in order to investigate changes in thick- 

w ness, a similar transparent quartz glass tube 1 with 
an external diameter of 240mm, a thickness of 
4mm, a length of 500mm and an opening width of 
approximately 30mm was used to produce a quartz 
glass plate by following a procedure similar to that 

is described above with a rotating speed of 
60mm/min. In this case, the pulling speed was 
changed to: 50mm/minute, 60mm/minute, 65mm/ 
minute and 70mm/minute. The resulting plate had 
differing thicknesses of 4.8mm, 4.0mm, 3.7mm and 

20 3.4mm respectively. Thus, we succeeded in chang- 
ing the thickness of the product. The flat plate 
formed in this way did not have any surface wavi- 
ness and were otherwise good quality plate. 

25 Industrial applicability 

With the present invention, a large, high-purity 
quartz glass plate as has been described so far, 
with no surface waviness, with a high degree of 
30 smoothness and flatness and free of bubbles can 
be easily and reliably obtained, offering a signifi- 
cant advantage in the production of square tanks 
for washing wafers and quartz glass reflectors. 

35 Claims 

1. A manufacturing method for large quartz glass 
plate wherein: 

a quartz glass tube is provided with an 
40 opening of a specific width that runs in the 

direction of the tube shaft, and 

starting from a specific position on the 
circumference of said tube, a band-like area is 
heated and softened sequentially over its en- 
45 tire width in the direction of the tube shaft, and 

at the same time, said quartz glass tube is 
pulled in a line approximately tangential to the 
circumference of said glass tube from said 
specific position, to make said glass tube into 
50 a flat plate. 

2. The manufacturing method for large quartz 
glass plate according to claim 1, wherein: 

said specific heating position is fixed at the 
55 initial position of the leading edge of said 
opening in said quartz glass tube, and while 
said quartz glass tube is rotated towards said 
fixed heating position, it is also pulled in the 
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direction of a line approximately tangential to 
said leading edge of said opening to flatten 
said glass tube. 

3. The manufacturing method according to claim 6 
1, wherein: 

said quartz glass tube is pulled at a pulling 
speed approximately equal to the peripheral 
speed of said quartz glass tube. 

10 

4. The manufacturing method according to claim 
1, wherein: 

said pulling speed is faster than said pe- 
ripheral speed of said quartz glass tube to 
form a large quartz glass plate with reduced 15 
thickness. 

5. The manufacturing method according to claim 
1, wherein: 

said pulling speed is slower than said pe- 20 
ripheral speed of said quartz glass tube to 
form a large quartz glass plate with increased 
thickness. 

6. The manufacturing method according to claim 25 

1, wherein: 

said quartz glass tube is rotated and pul- 
led in such a manner that it does not come in 
contact with either the means of pulling or the 
means of rotating. 30 

7. The manufacturing method according to claim 

2, wherein: 

said quartz glass tube is pulled while the 
leading edge of the opening of said glass tube 35 
is linked to said means of pulling by a quartz 
glass connecting piece. 

8. The manufacturing method according to claim 

2, wherein: 40 

while said quartz glass tube is heated from 
both the inner and the outer sides in a band- 
shaped area over its entire width, in the direc- 
tion of the tube shaft, 

said quartz glass tube Is also pulled lin- 45 
early in a line approximately tangential from 
said leading edge of said opening to form a 
large quartz glass plate. 

9. The manufacturing method according to claim 50 
2, wherein: 

said quartz glass tube is evenly softened 
over its entire width while relative reciprocal 
motion, in the direction of the tube shaft, is 
implemented between said heating position 55 
and said quartz glass tube. 



10. The manufacturing method for large quartz 
glass plate according to claim 1 , wherein: 

said quartz glass tube has a minimum 
diameter of 100mm and a thickness of 2 - 
20mm. 

11. The manufacturing method for large quartz 
glass plate according to claim 1, wherein: 

said quartz glass tube is made of transpar- 
ent synthetic quartz glass. 

12. A manufacturing method for large quartz glass 
curved plate, wherein: 

a large flat quartz glass plate is provided 
and said glass plate is heated and softened in 
a band-shaped area sequentially over the en- 
tire width, from one end to the other end, while 
it is being pulled in such a direction that the 
plate will become curved into a specific form, 
starting from the starting point, to form a 
curved glass plate. 

13. A manufacturing equipment for large quartz 
glass plate comprising: 

a quartz glass tube with an opening pro- 
vided over a specific length in the direction of 
the tube shaft; 

a means of rotating said glass tube cen- 
tered on said tube shaft, and; 

a means of pulling said glass tube in a line 
approximately tangential to a specific location 
while said glass tube is being heated and 
softened in a band-shaped area over its entire 
width, in the direction of said tube shaft. 

14. The manufacturing equipment for large quartz 
glass plate according to claim 13 that further 
comprises: 

a means of heating that is fixed at the 
initial position of the leading edge of said 
opening of said quartz glass tube; 

a means of rotating that rotates said quartz 
glass tube towards said fixed heating position, 
and; 

a means of pulling said quartz glass tube 
in a line approximately tangential to said lead- 
ing edge of said opening. 

15. The manufacturing system and equipment for 
large quartz glass plate according to claim 13 
wherein: 

a means of support is provided which sup- 
ports said quartz glass tube on its peripheral 
surface and said means of support and said 
means of rotation are structured so that they 
can move, relative to each other in the plane of 
the cross section of said quartz glass tube that 
intersects the shaft center of said quartz glass 



10 



17 



EP 0 607 433 A1 



18 



tube at a right angle, and so that said shaft 
center of said means of rotation and said shaft 
center of said quartz glass tube are aligned. 

16. The manufacturing equipment for the large 5 
quartz glass plate according to claim 13, 
wherein: 

it is possible to set said initial supporting 
position of said means of support for said 
quartz glass tube outside of the center of the w 
tube shaft in the direction of the tube radius, 
from the vantage point of said leading edge of 
said opening in relation to said trailing edge of 
said opening. 

75 

17. The manufacturing equipment for large quartz 
glass plate according to claim 13, wherein: 

said means of rotation is structured with a 
rotating member that rotates centered on said 
shaft of said quartz glass tube so that, once 20 
said rotating member is connected to said 
trailing edge side of said opening of said 
quartz glass tube via a fused quartz glass 
member, said quartz glass tube rotates in con- 
formance with the rotation of said rotating 25 
member. 

18. The manufacturing equipment for large quartz 
glass plate according to claim 13, wherein: 

the peripheral speed of the quartz glass so 
tube, rotated by said means of rotation, is 
equal to the pulling speed of said means of 
pulling. 

19. The manufacturing system and equipment for 35 
large quartz glass plate according to claim 13, 
wherein: 

the structure makes it possible to change 
the peripheral speed of said quartz glass tube 
rotated by said means of rotation relative to 40 
said pulling speed of said means of pulling. 

20. The manufacturing equipment for large quartz 
glass plate according to claim 13, wherein: 

said means of pulling is linked with said 45 
leading edge of said opening of said quartz 
glass tube by a quartz glass member. 

21. The manufacturing equipment for large quartz 
glass plate according to claim 13, wherein: so 

a means of heating for heating and soften- 
ing a band-shaped area of said quartz glass 
tube over its entire width, in the direction of the 
tube shaft is provided, comprising a pair of 
burner members or a pair of bar heating bod- 55 
ies that are positioned facing each other 
across said quartz glass tube. 



22. The manufacturing equipment for large quartz 
glass plate according to claim 21, wherein: 

said glass tube is evenly softened in a 
linear, band-shaped area over its entire width 
while said pair of heating bodies are moved 
back and forth in the direction of the tube 
shaft. 

23. A large quartz glass plate which is character- 
ized by the procedure of its manufacture, 
wherein: 

a quartz glass tube with an opening of a 
specific width in the direction of the tube shaft 
is heated and softened in a band-shaped area 
which progresses in the direction of the cir- 
cumference to form a flat plate and, wherein: 

the length of said flat plate is at least 
300mm and the thickness is 20mm or less. 

24. The large quartz glass plate according to claim 
23 which meets the following specifications: 

the maximum total content of metal ele- 
ments in said glass plate is lOOppm for Na, Li, 
Fe, Al, Cu, Ca, Ni, B, Mg, Y, Ti and Cr and, in 
particular, each of the following elements, Na, 
K, Cu and Ca are present at 0.5ppm or less. 

25. The large quartz glass plate according to claim 
23 which meets the following specifications: 

the maximum total content of metal ele- 
ments in said glass plate is 200ppb for Na, Li, 
Fe, A!, Cu, Ca, Ni, B, Mg, Y, Ti and Cr. 



11 



EP 0 607 433 A1 



FIG. 1 




r 



12 



EP 0 607 433 A1 



FIG.2 




EP 0 607 433 A1 




EP 0 607 433 A1 




15 



EP 0 607 433 A1 

FIG. 5 




INTERNATIONAL SEARCH REPORT 

International Application No PCT/ JP9 2 / 0 0 9 7 6 



CLASSIFICATION OF SUBJECT MATTER (if aeveral cieaatflcatlon .ymboli apply, Indlcatt all) • 



According to International Patent Classification (IPC) or to both National Classification and IPC 



int. cr 



C03B20/00 



II. MILD* SEARCHED 



Minimum Documentation Searched 1 



Clateiflcatton System i 



Clarification Symbol* 



IPC 



\ C03B20/00, C03B23/00 



Documentation Searched other than Minimum Documentation 
to the Eitent thet auch Documents are Included In the Flelde Searched ■ 



Jitsuyo Shinan Koho 1926 - 1992 

Kokai Jitsuyo Shinan Koho 1971 - 1992 



III. DOCUMENTS CON8I0IIUD TO BE RELEVANT * 



Category * 



Citation of Document " with Indication, where appropriate, o* the relevant passages " 



Relevant to Claim No. » 



Taro Moritani and others , 
"Glass Engineering Handbook" , 
April 20, 1964 (20. 04. 64), 
Asakura Shoten p. 611, 
Clause "2.1 Fabrication" 

JP, A, 62-235223 (Toshiba Ceramics 
Co. , Ltd. ) , 

October 15, 1987 (15. 10. 87) 

JP, C2, 150431 (Kogoro Shirodokoro) , 
June 24, 1942 (24. 06. 42) 



1-23 



1-23 



1-23 



* Special categories of cited documents: w 

"A" document be lining the general atate ot the art which ia not 
conardered to be Of particular relevance 

"B" earlier document but published on or after the International 
1 1 tine data 

"L" document which may throw doubts on priority claim(s) or 
which is cited- to establish the publication date of another 
citation or other special reeaon Us specified) 

"0" document referring to an oral disclosure, use. exhibition or 
other means 

"P" document published prior to the International filing date but 
later the n trie priority date claimed 



laier document published after the international filing data or 
priority data and not in conflict with the application but cited to 
understand the principle or theory underlying the invention 

document of particular relevance: the claimed Invention cannot 
be considered novel or cannot be considered to involve an 
inventive step 

document of particular relevence; the claimed Invention cennot 
be considered to Involve en inventive step when the document 
is combined with one or more other such documents, such 
combination being obvtoua lo a person skilled in the art 
document member of the same patent family 



IV. CIRTINCATtON 



Date of the Actual Completion of the International Search 

October 27, 1992 (27. 10. 92) 



Date of Malllno of this International Search Report 

November 10, 1992 (10. 11. 92) 



International Searching Authority 

Japanese Patent Office 



Signature of Authorized Officer 



Form PCT/ISA/JIO (second sheet) (January 1985) 



